BACKGROUND/OBJECTIVES: To investigate (i) associations of intimate partner violence (IPV) and chronic undernutrition among women of reproductive age and (ii) whether women who experience both poverty and IPV are unique in their nutritional disadvantages. SUBJECTS/METHODS: This study used the data from the 2007 Bangladesh Demographic Health Survey, a cross-sectional, nationally representative study. Analyses were based on the responses of 3861 currently married, non-pregnant women. Exposure was determined from maternal reports of physical and sexual IPV. Chronic undernutrition among women was the main outcome variable of interest. Descriptive statistics and multivariate logistic regression methods were employed in the analysis. RESULTS: Over 53% of married Bangladeshi women experienced physical and/or sexual violence from their husbands. Experience of physical IPV (adjusted odds ratio (AOR) ¼ 1.22; 95% confidence interval (CI) ¼ 1.02-1.46) and both physical and sexual IPV (AOR ¼ 1.24; 95% CI ¼ 1.04-1.58) was associated with an increased risk of chronic undernutrition among women. A magnitude of three or more types of physical IPV appeared to have more profound consequences on women's undernutrition. Findings also revealed that women who are poor and have experienced IPV are unique in their nutritional disadvantages. CONCLUSIONS: Experience of IPV is an important risk marker for the increased risk of chronic undernutrition among women of reproductive age in Bangladesh. Women experiencing IPV need help irrespective of the socioeconomic status they belong to. Targeted intervention at IPV among the poor may help improve nutritional status among women of reproductive age. 
INTRODUCTION
There has been little progress over the past decade in reducing chronic undernutrition among women of reproductive age, and Bangladesh continues to have one of the highest rates in the world. In 2007, 30% of Bangladeshi women of reproductive age were suffering from chronic undernutrition.
1 To date, the major determinants of undernutrition among women in poorer settings are assumed to be related to women's reproductive history and to overall socioeconomic changes in the household and society. [2] [3] [4] [5] However, the role that psychosocial factors play in women's nutritional status is less understood. Intimate partner violence (IPV), which consists of a range of physical or sexual coercive acts, or both, perpetrated against women by a current or former male intimate is considered to be one of the main psychosocial risk factors that might influence women's nutritional status. 6 IPV can place stress on women, and stress in turn can increases oxidative stress [7] [8] [9] and metabolic levels, 10 risk factors for undernutrition. IPV against women can initiate immediate and long-lasting psychological symptoms, which may affect her eating practices. These include loss of appetite, abdominal pain, diarrhea or constipation, sleep disturbances, disordered eating, activity levels and general healthcare practices. 11, 12 Besides, experiencing IPV also is associated with more frequent physical inactivity and disabilities that prevent work. 13, 14 More directly, IPV can increase the risk of poor nutritional status among women through familial circumstances, such as the withholding of food by abusive husbands. 15 A growing literature has shown the linkage between IPV and various aspects of women's mental, physical and reproductive health consequences. [16] [17] [18] [19] [20] However, the literature on consequences of IPV on women's nutritional patterns is limited. A recent investigation in India indicates an association between physical IPV measured via only a single global question and the risk of chronic undernutrition among women. 21 There is a clear need to use behaviorally specific questions and nationally representative data to better understand whether physical and sexual IPV are associated with undernutrition among women. Moreover, the validity of this relationship between IPV and undernutrition needs to be carefully examined because adverse nutritional outcomes of women are more likely in poverty-stricken settings, 22, 23 and such settings have also been associated with an increased risk of IPV. 16, 24 Abused women of low economic status may be at a distinct disadvantage because of an increased level of IPV 16, 25 and impaired resources that can restrict quality education, employment opportunities, adequate housing, sanitation and food sufficiency. These can be coupled with a higher level of depressive disorders 26 creating a favorable setting for undernutrition. Therefore, a comparative assessment is needed to examine whether poverty, an indicator of economic status that has an independent association with IPV 16, 24 and/or nutritional status, 22, 23 plays a role in mediating the association between IPV and nutritional disadvantages among women. To date, no research has been conducted in resource-poor settings to examine the relative effect of both being poor and experiencing IPV on women's nutritional status. In this study, we aimed to further this important area of inquiry by (1) addressing whether an association exists between physical and/or sexual IPV and chronic undernutrition among women of reproductive age and (2) exploring the relationship between poverty and IPV and the relative roles they play as obstacles to women's nutritional status in a nationally representative sample of Bangladesh, where chronic undernutrition is endemic.
MATERIALS AND METHODS

Data sources
The data for this study came from the 2007 Bangladesh Demographic Health Survey (BDHS), conducted by the National Institute for Population Research and Training of the Ministry of Health and Family Welfare of Bangladesh from 24 March 2007 to 11 August 2007. The BDHS sample was drawn from Bangladeshi adults residing in private dwellings. A stratified, multistage cluster sample of 361 primary sampling units was constructed (134 in urban areas and 227 in rural areas). The primary sampling units were derived from a sampling frame created for the 2001 Bangladeshi census. The 2007 BDHS used five questionnaires: household, women, men, community and a facilities questionnaire. Their contents were based on the MEASURE DHS model questionnaires. The questionnaires were developed in English and then translated and printed in the official language, Bangla. The main purpose of the household questionnaire is to identify women and men eligible for individual interviews and collect data on sociodemographic and household characteristics. The men's questionnaire was used to collect information from men aged 15-54 years who had ever married. Community and facilities questionnaire were used to collect information about the existence of development organizations in the community and the availability and accessibility of health services and other facilities.
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Of the 11 178 women aged 15-49 years who had ever married and who were deemed eligible to complete the women's questionnaire on maternal and child health behaviors and outcomes, 10 996 did so (response rate ¼ 98.4%). One woman from each household was selected at random for the domestic violence module in the women's questionnaire to answer an additional set of questions regarding IPV perpetrated by her husband. Of 4489 women eligible to respond to the domestic violence module, only 7 had to be excluded owing to lack of privacy (husbands or other respondents were present in the household during the interview period). Privacy is important because an abusive husband's discovery that his wife has disclosed details on IPV to an interviewer could put the woman at risk for further violence. An additional 15 women were not interviewed for other reasons. In our analyses, we included only currently married women aged 15-49 years, who were not pregnant at the time of the survey (n ¼ 3861; Figure 1 ). Pregnant women were excluded because anthropometric measurements like body weight, which increases rapidly during the pregnancy, may reduce the specificity of the indicator. 27 Outcome measure
The 2007 BDHS measured the height and weight of all women aged 15-49 years who had ever married. Trained investigators weighed each woman by using a solar-powered scale with an accuracy of ± 100 g and measured each woman by using an adjustable board calibrated in millimeters, and theoretically accurate to 1 mm. 1 The body mass index (BMI), calculated as weight in kilograms divided by height squared in meters, was used to assess chronic undernutrition in this study. We choose BMI to assess undernutrition of mothers because it does not require a reference 
Explanatory variables
The two groups of explanatory variables in our study were women's experience of IPV and the measures of poverty-wealth status of the household to which the respondent belongs.
Exposure
IPV was defined here as violence experienced by women at the hands of their current spouse. After consultation with experts, the 2007 BDHS used a standardized approach to the measurement of IPV. This approach involves implementing the most valid measures, shortened and modified version of the Conflict Tactics Scale (CTS-2). The modified CTS-2 approach of inquiring about a wide range of acts has additional advantage of giving the respondent multiple opportunities to disclose any experience of violence and thus increases the validity of measurement. The 2007 BDHS stated that to ensure validity and reliability of the data collected on IPV, fieldworkers underwent careful training in different aspects of interview techniques and the questionnaires were pre-tested in pilot studies. 1 Moreover, to make valid cross-national comparisons, the questionnaire used to measure IPV in the BDHS include the same criteria and methods in all cultural contexts. 1 IPV was assessed through eight items pertaining to lifetime perpetration of violence against women. Lifetime estimate of IPV is important and more reliable because it provides information about the burden of violence within a population rather than a snapshot of the recent burden of violence in a population. 29 Women who reported that their husband engaged in any of the following behaviors were classified as having experienced physical IPV: (1) pushing, shaking or throwing an object; (2) slapping; (3) pulling hair or twisting an arm; (4) punching or hitting with a fist or something harmful; (5) kicking or dragging; (6) choking or burning; or (7) threatening or attacking with a knife or gun. The Cronbach's a for this measure was 0.82. Perpetration of sexual IPV was indicated by a woman's positive response to an item asking whether she had been physically forced to have sexual intercourse even when she did not want to. Two exposure variables were defined for this analysis: any physical and/or sexual IPV versus none; and exposure to different categories of IPV versus none (defined as exposure to physical IPV only, sexual IPV only, or both physical and sexual IPV). We also created a categorical variable representing how many of the seven types of physical abuse a mother reported. 
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The poverty-wealth measure
The household wealth index is used as a proxy indicator to estimate the poverty-wealth status of households. The 2007 BDHS wealth index was constructed from data on household assets, including ownership of durable goods (such as televisions and bicycles) and dwelling characteristics (such as source of drinking water, sanitation facilities and construction materials). Principal components analyses were used to assign individual household wealth scores. These weighted values were then summed and rescaled to range from 0 to 1, and each household was assigned to the poorest, middle or richest tertile.
Control variables
We included several sociodemographic variables theoretically and empirically linked to IPV 17, [30] [31] [32] and undernutrition among women of reproductive age. [33] [34] [35] We classified participants by their current age into empirically important groups: younger (15-24 years), middle aged (25-34 years) or older (35-49 years). 33 The women's educational level was defined in terms of the formal education system of Bangladesh: no education (0 year), primary (1-5 years) or secondary or higher (6 years or more). 34 Place of residence was categorized as rural versus urban. To assess women's decision-making autonomy, we determined the number of types of family decisions a woman took alone or participated jointly in making. 36 We created a variable for maternal occupation 21 and classified women according to whether they were not working or were working in a manual, non-manual or agricultural profession. Total numbers of household members were classified in tertiles (2-4, 5-6 or 7 þ ). Having ever used contraception was categorized as yes vs no. Religion was categorized as Muslim or non-Muslim. We classified maternal height into two categories: o145 or X145 cm. The cutoff point for short stature is considered as o145 cm for height, because most studies from South Asian region and other developing countries have used this cutoff for screening high-risk women. 37, 38 Statistical analyses
We calculated descriptive statistics for our sample's sociodemographic, IPV and women's nutritional characteristics. We used w 2 analyses to assess sociodemographic differences in IPV perpetration. In all the analyses, the level of significance was set at Po0.05 (two tailed). Logistic regression models were fitted to the data to model the crude associations between IPV predictors, and the defined outcome variable. Sociodemographic explanatory variables were then added into the models. This was done to see how the addition of other variables affected the relationship between IPV predictors and outcome. We created three fully multivariate logistic regression models to analyze chronic undernutrition among women, with each model containing a different IPV predictor (any physical and/or sexual IPV vs no IPV; separate effects of physical IPV only, sexual IPV only and both physical and sexual IPV vs no IPV; and the number of types of physical IPV vs no IPV).
To see whether women at the nexus of IPV and poverty are worse off than other women, particularly other women who have experienced IPV but are not poor, an additional multivariate logistic regression model was run. This model includes a four-category variable that divides the sample of women into the following groups: women who have ever experienced IPV and are poor; women who have ever experienced IPV and belong to the middle bands of wealth; women who have ever experienced IPV and belonging to the rich bands of wealth; and the last group includes all women who have never experienced IPV. We entered all the covariates simultaneously into the multiple regression models. We estimated the odds ratios (ORs) to assess the strength of the associations and used the 95% confidence intervals (CIs) for significance testing. The multicollinearity of the variables was checked by examining the variance inflation factors, which was o2.0. All the statistical analyses were conducted using Stata version 11.0 (Stata Corp LP, College Station, TX, USA) so as to consider appropriately sampling weight, based on the complex sampling design of the BDHS.
Ethical considerations
The BDHS data collection procedures were approved by the ORC Macro Institutional Review Board (Calverton, MD, USA). The protocol of the survey was reviewed and approved by the National Ethics Review Committee of the Bangladesh Ministry of Health and Family Welfare. Because the existence of a signed consent form can provide a risk in itself for the abused women, oral informed consent was obtained from respondents by interviewers.
1 Several specific protections based on WHO's ethical and safety recommendations for research on domestic violence were built into the 2007 BDHS. 39 These include: only administering the domestic violence module to one woman in each household; reiterating informed consent; ensuring privacy; emotional support for field staff; and developing quality assurance procedures. Furthermore, data were collected by female interviewers and the field staff received extensive training on the survey instruments. If any respondent ever experienced IPV and sought help (either required medical/psychological), then interviewers provided a list of organizations that assist women in distress. This list was provided to interviewers, and they were specially trained to provide this information in a confidential and safe manner if asked by respondents. A substantial percentage of currently married non-pregnant women (53.8%) reported that they had ever suffered physical or sexual IPV; 36.1% indicated that they had experienced only physical IPV, 4.8% indicated that they had experienced only sexual IPV and 12.9% indicated that they had experienced both types of IPV (Table 1) .
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RESULTS
Sociodemographic
Differential on IPV victimization with demographics of married Bangladeshi women
The bivariate analyses revealed several significant differences in the prevalence of IPV perpetration across various sociodemographic groups (Table 1) . Specifically, women with no education were significantly more likely than women with a primary or women with a secondary education or higher to report any form of IPV, physical IPV only, sexual IPV only and both physical and sexual IPV (Table 1) . Reports of any form of IPV, physical IPV only and both physical and sexual IPV were significantly more frequent among women in the chronic undernourished BMI category, women who were employed and women belonging to the poorest category of relative household wealth.
Higher prevalence of any form of IPV and physical IPV was identified only among Muslim women, women who had ever used any contraception and women living in smaller households (2-4 persons) (Table 1 ). In addition, younger women (those aged 15-24 years) were significantly less likely than were older women to report any form of IPV and physical IPV only. However, younger women were significantly more likely than middle-aged (those aged 25-34 years) or older women (those aged 35-49 years) to report sexual IPV only (Table 1) .
Women whose height fell below the cutoff of 145 cm were also significantly more likely to report any form of IPV, sexual IPV and both physical and sexual IPV compared with women whose height fell above the cutoff of 145 cm. In addition, rural women were more likely to report having experienced any form of IPV and sexual IPV alone compared with urban women (Table 1) . Notably, no significant difference was observed between women's decision-making autonomy and any form of IPV and for the three mutually exclusive categories of violence assessed.
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Crude and multivariate analyses Association between IPV and chronic undernutrition among women of reproductive age. In the unadjusted model, women who reported experiencing any physical and/or sexual IPV had a 1.38 times (95% CI: 1.04-1.43) higher likelihood of being undernourished. Adjustment for sociodemographic variables attenuated the strength of the association, but any physical and/or sexual IPV remained strong for a higher likelihood of being undernourished (adjusted odds ratio (AOR) ¼ 1.22; 95% CI: 1.04-1.43; Table 2 ).
In the unadjusted models, relative to women who reported no experience of physical IPV only, women who reported experiencing physical IPV only had a 1.36 times higher risk of being undernourished. Women who reported both instances of physical and sexual IPV were 1.50 times more likely to be undernourished than women who reported no experience of both physical and sexual IPV. Adjustment for sociodemographic variables attenuated the strength of the associations, but they remained strong for physical IPV only (AOR ¼ 1.22; 95% CI: 1.02-1.46) and both physical and sexual IPV (AOR ¼ 1.24; 95% CI: 1.04-1.58; Table 2 ). We were unable to look at sexual IPV only on its own since the prevalence was too low. Women experiencing three or more types of physical IPV had a 1.64 times increased likelihood of being undernourished in the unadjusted models (Table 2) . After adjustment for sociodemographic variables, experience of three or more types of physical IPV was still found to be strongly associated with chronic undernutrition among women of reproductive age (AOR ¼ 1.41; 95% CI ¼ 1.14-1.73; Table 2 ).
Associations of interactions between IPV and wealth with chronic undernutrition. In the unadjusted model, women belonging to the rich bands of wealth who had experienced IPV were less than half as likely to be undernourished as (unadjusted odds ratio: 0.40; 95% CI: 0.31-0.50) the poor women who had experienced IPV. Thus, the risk of undernourishment is lowest for women who had experienced IPV and are the wealthiest compared with the women who are the poorest and had experienced IPV (Table 2) . Women who reported never experiencing IPV and who belonged to any band of wealth had a 0.51 times lower likelihood of being undernourished. After adjusting for sociodemographic variables, the associations between undernutrition and experienced of IPV and belonging to the rich bands of wealth and between undernutrition and women who never experienced of IPV were in the same direction and of the same approximate strength as in the unadjusted models (Table 2) .
DISCUSSION
Findings from this large representative survey indicate that over 53% of married Bangladeshi women experienced physical and/or sexual violence from their husbands. This extremely high lifetime prevalence rate confirms that IPV is alarmingly commonplace in this impoverished South Asian nation, potentially affecting the health of a large majority of Bangladeshi women. Furthermore, consistent with prior IPV research conducted in developing nations, [30] [31] [32] including Bangladesh, 17 IPV was most prevalent among the most disadvantaged strata of Bangladeshi society.
Notably, employed women experienced higher rates of IPV than unemployed women (50% versus 62%). As employment status does not protect women from IPV and, in fact, puts her at risk of abuse, this is likely a reflection of the greater prevalence of conventional attitudes toward gender roles among Bangladeshi men. 40 Therefore, promoting empowerment of women in the household without support by men may put women at more risk of IPV. Older-aged respondents were significantly more likely to report IPV than the younger women. This is possibly explained by the fact that younger women are expected to be submissive, quiet, disciplined and loyal to their husbands. As a result, they may have less conflict with their husbands compared with older women. The study further reveals an elevated risk for chronic undernutrition among currently married women of reproductive age who sustained physical IPV. Findings also demonstrate that women who have experienced both physical and sexual IPV had a higher likelihood of chronic undernourishment. Data from a large survey in India 21 previously suggested an association between physical IPV experiences and chronic undernutrition among women, but that study did not address sexual IPV because information on sexual violence was not available. Our results indicate that preventing physical and sexual violence on the part of husbands is an important component of improving nutritional status among women of reproductive age in Bangladesh.
The mechanisms underpinning the association of IPV with undernutrition among women could be explained by the denial of access to or the withholding food and basic needs among female victims of IPV. 15 An inadequate diet resulting from this withholding of food through psychological or emotional abuse could mediate the relation between IPV and nutrient deficiencies that cause undernutrition among women. Additionally, IPV is strongly associated with a woman's inability to make decisions for herself and her family, including the choice of types and quantities of food that a woman prepares. Moreover, the observed association between IPV and nutritional deficiencies may also involve a mediating effect of psychological stress. Psychological stress increases oxidative stress [7] [8] [9] and metabolic levels, 10 risk factors for undernutrition. This can be supported by a longitudinal study from the United Kingdom finding that, under stressful conditions, lean subjects tend to lose weight, while overweight subjects tend to gain weight. 42 Another important new finding was that a magnitude of three or more types of physical IPV appeared to have more profound consequences on women's nutritional status. This is in line with previous observations, according to which more victimization predicts higher levels of depressive symptoms. 43, 44 The higher levels of severe depressive symptoms can exhibit more oxidative stress and have more detrimental effect on the metabolic process than those with less severe symptoms, 44 and stress hormones and lower metabolic process may in turn contribute to undernutrition. [7] [8] [9] [10] Findings also conferred that although IPV had an independently adverse effect on women's nutritional status, wealth moderate the higher risk of chronic undernourishment among women who have experienced IPV; women who were both poor and had experienced IPV were more disadvantaged in terms of their poor nutritional status than were women who were wealthier and experienced IPV. This is merely explained by the fact that, on the one hand poor women tend to live in neighborhoods of concentrated poverty where access to quality education, employment opportunities, and adequate housing, sanitation and food sufficiency are limited, 25 and on the other hand studies reported that poor living environments, higher levels of food insufficiency and lack of resources to cope with difficulty leads to higher rates of IPV. 45, 46 Therefore, poor women who are experiencing IPV were doubly victimized and are prone to higher levels of stress and depressive symptoms. They were more likely to suffer from chronic undernutrition compared with rich women who were victimized by IPV. Additionally, poor IPV victims were more likely than high-income women who were IPV victims to report lack of kin and non-kin social and medical support and fewer resources to manage them. 45, 46 The combined effect of being poor and IPV experiences may have the most negative health consequences for women. The results, therefore, demonstrate that women who were both poor and have experienced IPV are unique in their disadvantages in terms of chronic undernutrition.
The present findings should be interpreted in the light of some limitations. First, our analyses were cross-sectional, so our limited time frame for the study did not permit us to assess the relative chronology of women's undernutrition in relation to IPV experiences. Longitudinal designs that can address causality or cross-sectional path or mediational models using exposure to IPV and outcome variables will be more relevant than mere correlational designs. Second, as there is a strong psychological element used in this study, it will be more informative to provide some light on the feelings of these women. However, BDHS survey did not evaluate the participating subjects for mood symptoms or negative moods, such as depression or stress. Third, the study can be criticized for using an indirect measure of household wealth. However, because of the fact that in developing countries like Bangladesh it is hard to obtain reliable income and expenditure data, an asset-based index is generally considered a good proxy for household wealth status. Finally, the possibility of underreporting must be considered: IPV being a sensitive and often stigmatized subject, women may be reluctant to reveal their abuse status. However, the personal interview method used in this study is widely resorted to for this type of IPV research. 47 In addition, to ascertain physical and sexual IPV, BDHS used multiple, behaviorally specific questions. These are considered, methodologically, the best for eliciting correct responses.
CONCLUSIONS
Physical IPV and/or sexual IPV was associated with an increased risk of chronic undernutrition among women of reproductive age in Bangladesh. Women experiencing IPV need help irrespective of the socioeconomic status they belong to. Targeted intervention at IPV among the poor may help improve nutritional status among women of reproductive age. Future longitudinal studies are needed to investigate the influence of potential mechanisms mediating the relationship between poverty and IPV and the relative roles they play as obstacles to women's nutritional status.
